Objective: To investigate the factors associated with platelet activation in obese children.
INTRODUCTION
Childhood obesity is a public health problem in Mexico and in the worldwide because of the later clinical consequences, including diabetes mellitus, hypertension, and cardiovascular disease (CVD) [1] . The rapid increase in the prevalence and severity of obesity in children is likely to lower the age of onset and increase the incidence of CVD.
Childhood obesity is associated with endothelial dysfunction one of the earliest changes in the development of atherosclerosis [2, 3] , and evidences support that atherosclerotic cardiovascular disease beginning in childhood [4] ; Additionally, the high serum levels of LDL-cholesterol and total cholesterol in childhood, were associated in adults with the carotid intima-media thickness [5] and subclinical atherosclerosis [6] . In adults, inflammation, endothelial dysfunction, and hyperuricemia are factors that contribute to a link between obesity and CVD. Leptin has been shown to represent an important candidate to link these disorders [7, 8] because of their potential role in the regulated functioning the immune system [9] , on platelet activation and segregation [10] , and on relation with uric acid [11] .
In presence of obesity, inflammation leads to platelets activation and increased plasma levels of prothrombotic proteins stored in platelet α-granules including: Soluble P-Selectin (sP-Selectin), von Willebrand Factor (vWF), and Plasminogen activator inhibitor-1 (PAI-1). High levels of these proteins are believed to play a central role in accelerating the risk of atherothrombosis. [12] . sP-Selectin is not only expressed on activated endothelial cells but also on activated platelets and it mediates rosetting of the platelets with monocytes and neutrophils that contribute to atherosclerotic lesion [13] , so is considered as a plasma marker of platelet activation and endothelial dysfunction in the atherogenic process that Gomez Garcia, et has been related to adverse cardiovascular events in adults [14, 15] . vWF levels have been significantly associated with insulin resistance (IR) [16] . Increased PAI-1 levels have been associated with risk of thrombosis and fibrosis, and PAI-1 has been shown to have a direct effect in the development of IR and type 2 diabetes [17] .
Disorders of uric acid (UA) metabolism are often seen in conjunction with factors associated with lifestyles such as an unbalanced diet abundant in purine, obesity, and alcohol consumption [18] . In adolescents, UA levels are significantly increased in obesity [19] , and some studies suggests that UA stimulates vascular inflammation and endothelial dysfunction and it predicts adult blood pressure [20] [21] [22] .
The aim of our study was to investigate the factors associated with platelet activation in obese children
Methods

Participants
Between group, as were children with secondary obesity. Any child receiving pharmacological treatment was also excluded. All parents gave their written consent and children gave their verbal and written assent, and the study was authorized by the Hospital Ethical Research Committee.
Anthropometric measurements and blood pressure.
Weight was measured to nearest 0.1 kg and height to nearest 0.1 cm. BMI was calculated as weight (kg)/height (m 2 ), percentage body fat was assessed by bioelectrical impedance [23] and Body Surface Area (BSA) were calculated with Haycock formula [24] . Blood pressure was measured with a mercury sphygmomanometer after 20 min rest, in a supine position. Three sizes of cuff were used (9x21, 11x36 and 12x41 cm); the cuff width was required to cover 2/3 of the length of the child's arm.
Blood sampling
Blood samples of all children were collected after 12 h fasting from a vein in the antecubital fossa, without venous occlusion. Before collecting the blood, we asked at parents each child the hour of last food for fasting confirming. Blood samples were separated into aliquots and frozen immediately at -70°C until analysis to avoid inter-assay variability.
Glucose, UA, cholesterol, triglycerides (TG), and HDL, and LDL concentrations were measured using an automatic analyzer (Roche Diagnostics, Mannheim, Germany). Blood count was realized in hematologic analyzer Nihon Kohdem (Nihon Kohdem Corporation, Japan [25] . Notably, so Leptin, vWF, and UA were independent risk factors in the platelet activation.
The involvement of Leptin in increased platelet activation in human obesity is not universally accepted, since several studies [25] [26] [27] provided conflicting results about platelet responsiveness to Leptin in overweight and obesity in adults. Likewise Fochini et al [10] , we confirm that obese children have higher Leptin and platelet concentrations in comparison with non-obese children, so this increase could favor early functional alterations and represent higher risk for developing early atherosclerosis and CVD. A possible mechanism can be related with adenosine concentration (ADO) as endogenous mediator released from platelets storage granules [28] and studies in vitro showed that
Leptin synergizes with subthreshold concentrations of agonist such as ADO to induce platelet aggregation [29] . In this context, Elbatarny and Maurice [30] have reported that
Leptin-induced platelet activation via activation of PDE3A may represent a molecular basis for the association between hyperleptinemia and cardiovascular disease. However, more studies are needed to confirm this molecular mechanism in children.
In adults, obesity is associated with higher levels of circulating endothelial dysfunction biomarkers such sICAM-1 and vWF [31] . In our study, sICAM-1 was not quantified but vWF was higher in obese children. We found an association between vWF and sP-Selectin.
However, it is reasonable to assume the probability of early endothelial damage additionally to platelet activation and proinflamatory effect of Leptin in obese children. Equally important, we found an association between UA and sP-Selectin. The relationship between UA and endothelial activation (sP-Selectin) is consistent with the prooxidative effect and proatherogenic properties of UA including endothelial cell activation, platelet activation, and increased platelet adhesiveness [32] . The role of UA as an additional risk factor for developing endothelial dysfunction and smooth muscle cell proliferation is caused by an excessive activity of xantine oxidase enzyme by degraded purine metabolism and formation of reactive oxygen and nitrogen species that lead to oxidative stress and later to develop endothelial dysfunction [33] .
Bedir et al [11] showed that serum Leptin level was independently associated with UA only in overweight and obese adults. Our results about the correlation between Leptin and UA in obese children are consistent with the proposal by Bedir that Leptin appears to be a good candidate for the missing link between obesity and hyperuricemia.
In this study, triglycerides and HDL were higher in obese children but only HDL was a predictor factor by platelet activation. The Bogalusa study [34] showed that in overweight 5-to 10-year old children had two or more cardiovascular risks factors (hypertriglyceridemia, high LDL and, low HDL) that would substantially increase the risk for earlier cardiovascular disease. Likewise, recently we and others have reported that low levels of HDL are associated with metabolic syndrome and cardiovascular risk in Mexican
Children [35] [36] [37] . From our knowledge, this is the first report of early platelet activation in Mexican obese children. Finally, we found in this study that obese children had values higher blood pressure than non-obese; hence a higher blood pressure could induce endothelial activation. Obesity and high blood pressure are suggested as risks factor for
